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rni i7irrT- ^•^^■^ ^-^s^^ method 

^PTr---'- roT.nPTM FTPTr PK TKrTION OF ANALYTES 

p.^T.^_r>nTTTcm OF THE INVENTION 
FiPld '^■F Inve ntion 

^^f;;;;;;;n;;;;;;;;ion relates to a polymeric fil. useful 
in an assay and method for direct detection of small .oleoules, 
blorolecule. .nd detectable analytes . The .ethod and assay 
u m e lservable spectral changes in „ono.olecular polymeric 

uciJ.j.'^c ^^-i ^-.^ bindma of a 



films 'which changes occur upon the selective bxndxng of a 
Iorc;ie biomolecule or analyte to the polymeric film^ The 

ligl^d specific to the analyte, which layer responds to the 
binding of the analyte to the ligand by changes .n l.ght 
aLstrption spectra. The change is qualitatively and 
quantitatively detectable. 

Z^fy^icl chemistry methods for detection of most of 
Chemical and biological molecules and/or analytes are virtu lly 
•i.v,ie due to the destruction of the analyte 
Tara r cics during preparation and analysis steps and also 
^era^se, typically, of the small amount of the analyte present 

""Lrirur^ur- their own right, analytical chemistry 
methods are of limited or no practical -P^-^-^^^^^^J^^ 
biological materials in which assessment would be valuable, 
unles! expensive and cu^ersome gas chromatography methods are 
B used laTge quantities of analytes are generally required to 
acco^pLs! deletion. Often, quantitative results are either 
limited or not available. 

Ldical-biological systems analysis including direct 
microscopic observation using various cell-staining and classic 
0 patholog^ techniques also have limitations. Well developed 
microbiological techniques. such as culturing colony 
Characterization, and observation of metabolic and nutrient 
limitations are used to augment these techniques. While 
culturing and direct tissue observation techniques have served 
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as the bulwark of medical detection processes for many years, 
they also have considerable limitations. Pathological analysis 
of patient tissues to determine the stage of development of a 
disease and the identification of the causative pathogens 
generally requires an invasive procedure. On the other hand, 
culturing the pathogen from various body fluid or other samples 
is time consuming and expensive. 

A breakthrough in medicine occurred with the development 
of immunoassay methods. In these methods, an antibody is 
developed which specifically binds to a target of interest 
While costly in both their development and production, 
antibodies from animals typically allow a very accurate 
analysis of a number of analytes which had previously been 
virtually unassessable in both research and clinical 
situations . 

An important technical advancement in immunoassay was the 
development of monoclonal antibodies. Because the antibody 
itself is a small molecule, it is preferably labeled in some 
way so that the binding event can be detected. This can be 
done with a dye, fluorescent, radioactive or other label. 
Conversely, if binding inhibition occurs between a known amount 
of introduced, labeled analyte and the material to be analyzed, 
the diminution of the signal indicates the presence of the test 
analyte. If the agglutination of the antibody particles is of 
sufficient volume and density, the formation of a precipitant 
can also serve to signal the presence of an analyte. 

In recent years, the research and medical communities have 
come to rely heavily on immunoassay techniques to detect and 
quantify biological materials. While successful in many 
respects, the indirect nature of immunoassay methods as well 
as their dependence on antibody materials results in a variety 
of complications, problems, and assay limitations. The 
development and production of antibodies remains expensive, and 
these molecules are sensitive to environmental changes. Also, 
only those materials to which antibodies can be produced can 
be detected by these systems. 

Many small biological molecules are notoriously difficult 
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to assay in a direct manner due to the severe limitation of 
environmental ranges which they can tolerate without losing 
their specific characteristics. For these molecules, 

immunoassays have been heavily relied upon. The requirement 
that an antibody be developed and produced for each possible 
target limits the efficacy of immunoassay methods in such 
applications as designer drug development and screening. 

A disadvantage of immunoassay systems is readily apparent 
in rapidly evolving pathogens such as the influenza virus, 
where the external coat of the pathogen which is normally 
available for immune reactions constantly shifts its antibody 
recognition elements and, therefore, becomes immunologically 
unrecognizable . 

Certain types of analytical chemistry techniques were 
optimized by the immobilization of one or more of the 
components of a reaction. For instance, if the material to be 
tested is present in only a small quantity in a test sample, 
the detectable analyte may be at so small a concentration that 
it is beyond the detection capabilities of any normal assay 
system. In these instances, immobilization systems have proven 
to be advantageous. 

Many immobilizing materials such as Sephadex columns are 
available . Requirements for these materials are their specific 
binding properties, their relatively inert reaction to other 
materials so that they themselves do not interact in the test 
reaction or otherwise interfere with the assay for 
immobilization, and their structure regularity providing 
predictability in the testing situation. 

Classically, immobilization has been accomplished on 
columns, liposomes or other surfaces. The use of such 
materials provides many advantages for an assay system. For 
instance, these materials allow easy segregation of reactants 
from the other sample components. 

In a typical immobilization scheme, the analyte is 
concentrated by adhesion to the immobilizing material for which 
it has a specific affinity. The testing then takes place on 
an area surface limited to immobilized surface, rather than in 
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the defused three-dimensional array of the original sample 
fluid. The results are concentrated in a smaller area, and are 
more likely to be detected. 

Bilayer films emplaced on surfaces have been used to 
provide the immobilization matrixes. Chemical modifications 
of these surfaces by organic monomolecular films have recently 
been used in an effort to develop new materials. The 
techniques of molecular self-assembly, such as that described 
in Lanqmuir, 3, 932, (1987) are used for coating surfaces with 
a well-defined, quasi two-dimensional array of molecules. 
These bilayer films became useful as immobilizing supports for 
analytic reactions. Bio-sensors based on these films can 
detect molecules of diagnostic significance such as glucose and 
urea, as described for example in Thin Solid Filmg . 180:65, 

(1989) and 210: 443 (1992) . In these cases, classic analytical 
chemistry systems are immobilized on the films in order to 
improve the readout of the test results and otherwise simplify 
and improve the detection capabilities of the test procedure. 

Similarly, the detection of receptor- ligand interaction 
is accomplished by indirect assays such as the enzyme-linked 
immunosorbent assay. Although biotechnological functionalized 
films have led to molecular recognition at an interface, the 
problem of translating the molecule recognition event into a 
measurable signal has remained problematic until the advent of 
the subject invention. 

Detection of the immobilized reaction products is 
generally carried out by coupling the immobilized matrix to a 
secondary device such as an optical fiber ( Colloid Interface 
Sci^, 124: 146 (1988)), quartz oscillator ( Thin Solid FilniR . 
210: 471 (1992)), or electrode surfaces ( Chemical Letters . 627 

(1990) ) . 

Some of the analytes bound to the immobilized matrixes are 
detectable by the fluorescent label, where the fluorescence or 
its quenched state indicate the occurrence of a binding event. 
Immobilized matrixes may further be made of a bi- lipid layer 
where the detection materials are embedded in the surface of 
the supporting bi-lipid layer ( Advanced Mater j a1 r , 3: 532 
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; ^' .^tvlene films ar« known to change color fron, blue 
' r Icr-sLg temperature or changing pH due to 
" red «.th conjugated backbone (mait. 

r~.T, . w'lle it bas been a ,oal of tbe research 
-.v to Licit this characteristic in the detection of 
:::rn: Llts ^searchers have yet to develop a method using 

r^T-nf-t- ical applications. 
'^'^ rira^r tC:fore. ae^irable if the direct 

detection method could be provided for detection of very small 
T 11 and biological molecules present in mxnute amounts, 
riould ideally advantageous to develop technology o 

l..ular film supports in a simple and unique way so that 
rrdi: "ould eve?t cause a readily o-erv-e change in 
the support material that could be directly detected. 

It is therefore, a primary objective to provide a s.mple 
. i-=ble assay for detection o£ minute amounts of various 
:::rcal aid bir^ical analytes using a novel polymeric film 
for direct colorimetric detection of analytes. 

NUMMARY 

It is one object of the present invention to provide a 
■ film useful in an assay for detection of minute 
!:rtr f chemical or biological analytes. a method and assay 
for Irect colorimetric detection of small molecules of various 
analytes using observable color changes in a monomolecular 
^l^eric film occurring when the molecule binds to a l.gand 
of the film polymer bilayer. 

It is another object of the present invention to provxde 
an assay suitable for detection of the presence of mxnute 
assay biological molecules by dxrectly 

30 amounts of chemxcax =. ■ „=t i Hi nrtc; 

detecting the binding event when the analyte specxf xcally bxnds 
to a ligand of the polymer bilayer. 

It is a further object of the present invention to provxde 
a .ethod and assay for a direct detection of viruses, ^-t-xa 
35 parasites, and other pathogens , or drugs, ' 

fragments, enzymes and their interactions, as well as other 
biologically relevant materials. 
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It is another object of the present invention to provide 
a method and assay for the development of drugs and improvement 
of drug activity by observing competitive binding or 
inhibition of natural binding events between some or all 
. surfaces of the polymeric film and the natural bioactive ligand 
of the tested biomolecule. 

It is yet another object of the invention to detect the 
presence of biomolecules , using visible color changes or 
colorimetric detection in the lipid bilayer of the polymeric 
film of the invention which color changes occur as a result of 
the specific binding of the biomolecules to the bilayer. 

It is an additional object of the present invention to 
provide a simple to use, inexpensive and reliable assay and a 
test kit for qualitative and quantitative detection of minute 
amounts of small molecules, which assay is stable in a wide 
range of environmental and laboratory conditions when the 
analyte is mixed with a number of other materials. 

It is still another object of the present invention to 
provide a polymerized bilayer film for direct detection of the 
presence of analyte comprising: 

a) a ligand having direct affinity for the analyte or 
which functions as a competitive binder to the analyte; 

b) a linear structural linker having two terminal ends, 
wherein said linker is attached at its first terminal end to 
said ligand; 

c) a conjugated polymer backbone to which said structural 
linker is bound at its second terminal end; 

d) orienting head groups bound to the surface of the 
conjugated polymer backbone in positions not occupied by the 
structural linker; and 

e) a support structure; 

wherein said film undergoes detectable spectral 
modification upon binding of a target analyte to the ligand 
moiety. 

BRIEF DESCRIPTTOTJ HP THE DRAWTMr!g 
Figure l provides a schematic view of one embodiment of 
the subject invention. 
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2 is an optical micrograph of one of the inventive 
fill "pTgure 2A, ana the optical micrograph 
T^:::J:Z co..r....... response to the influenza v.r.s 

(Figure 2B) . ,„uctures of the compounds used in 

''""M tested in competitive inhibition experiments. 
,,,m formation tested ..e visible 

Figure 4 ^11" incubation «ith virus, 

absorption spectrum before^and^^ colori.etric response of a 

.ialo:r;Ua;:r fflm to increasing concentrations of an 
influenza ^i"^. usefulness of the invention for 

'^^'^j the influenza virus by detecting colorimetric 
rer/orin the presence or absence of the binding inhibitor. 

;,3 used herein^ a detectable chemical molecule, 

^ruiror a"- tio th . 

reiriLrreriti:: o^^s in the spectral Characteristics 

of the P°lv™eric f.l- its 

"^'^ " «h\ch the tested analyte binds at a specific 
derivative -^J^H „,i,, <,an be rendered polymeric 

recognition and detect ^ ^^^^^^^ ^ p„,^erized 

; by linking ^he l^gan typically specific either 

rthf; rvld^ana^'e o! to a group thereof. The Xigand 

-™^^-nt::h:rrre t^ini td-f Ta:L^:r lin 

ligand IS "".^'^^^ i„ admixture »ith a hydrophobic 

0 molecules and is P°l^"-;; monovalent or 

matrix lipid monomer. The ligan 

"""'"Itinrer" or "spacer" means a linear structure molecule 

iin.ed^:::ough^^— ^^^^^ 

35 -cond terminal end to the ^^^^ ^^^^^^ ^^^^^ ^^^^ 
rol^rr inTo r-chromatlc detection element. . structural 
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linker has a sufficient length and conf ormability to allow 
binding of multiple sites on the analytes. The linker may be 
for example, tetraethylene glycol. 

"Conjugated polymer", "polymer backbone", "conjugated 
S polymer backbone" means a layer of a polymerized ligand and 
matrix monomer bi-layer assembly able to signal binding 
occurring at the surface of the film by a chromatic transition 
The polymer backbone may be, for example, polydiacetylene The 
polymer backbone is bound to a structural linker 

m t • "'r'^^r "^^^ °* Polymeri.able ligand and 

matrix Irpid monomers, polymerized into a chromatic detection 
element. Binding of the analyte to the ligand linked to the 
polymer backbone induces stress within the bi-layer, changing 
the effective conjugation length of the polymer backbone The 
matrix lipid monomers suitable for polymerization are lipid 
monomers. Such moieties include: acetylenes, diacetylenes 
alkenes thiophenes, imides, acrylamides, methacrylates,' 
vinylether, malic anhydrides, urethanes, allylamines, siloxanes 
or vinylpyridinium etc. Lipids containing these groups can be 
made into homopolyn,ers or mixed polymers. The preferred group 
for use in this invention is diacetylene, due to its unique 
optical properties in the polydiacetylene polymerized form 
However, other polymerizing groups could be used when they 
provide an observable change in properties upon a binding 

"Ligand lipid monomers" are carbohydrates, amino acids and 
such other molecules having carboxylic groups. 

"Lipid monomers" are readily polymerized into polymeric 
films by ultraviolet irradiation or other means for polymer 
backbone formation. Most preferred monomers are diacetylene 
monomers such as polydiacetylene and octadicyltrichlorosilane 

"Lipid orienting head groups" means lipids forming 
stabilizing and structurally orienting the polymer bi-layer to 
facilitate color stability until the binding of the analyte 
disturbs it . 

"Lipid tail(s)" means a moiety serving to anchor the 
polymerized film to the support surface. 
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nP.TATLED nF.srRIPTi nKi OF THE INVENTION 
The present invention concerns an assay and method for the 
direct colorimetric detection of small molecules, biomolecules 
and analytes binding in a receptor-ligand-like interaction 
using a novel polymeric thin film construct. The invention 
further concerns the thin polymeric film as well as the method 
for producing the polymeric films for specific detection of 
various analytes through their binding to a ligand, where the 
ligand or its derivative are rendered polymeric by polymeric 
linking of the ligand through a linking arm to a polymerized 
thin bi-layer film. 

The presence of the investigated analyte detected by 
binding of the analyte to the ligand is observed through 
changes in the spectral characteristics of the polymeric film. 
The polymer-ligand assembly encompasses specific molecular 
recognition and detection sites, all contained within a single 
molecular assembly. 

The present invention allows, for the first time, direct 
detection of small chemical and biological molecules, such as 
pathogens and drugs, using observable spectral changes m 
monomolecular films. The present invention thus represents an 
entirely new approach to the direct detection of small 
molecules, biomolecules and analytes using color changes m a 
monomolecular film which changes occur when these materials 
5 specifically bind to the target molecule. 

The subject invention represents a dramatic advancement 
over both chemical and immunoassay systems as it enables both 
qualitative and quantitative detection of small, otherwise 
undetectable, chemical molecules, biomolecules and/or 
0 identifiable analytes in a simple, fast and practical way. The 
present invention combines the advantages of both immunoassay 
and chemical analysis in a single system. 

Additionally, the assay of the invention is useful for 
environmental testing by detection of various analytes in their 
5 most advantageous environmental conditions by the allowing 
rigorous, direct analysis to occur even in very narrow 
environmental ranges. The speed and simplicity of the color 
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change indicator of the subject invention are its hallmark 
advantages . 

In general, the present invention requires no pre-analysis 
purification step. The results are easily read by an untrained 
observer, and the test can be conducted in ambient conditions. 
Very mild testing conditions allow the detection of small 
biomolecules in a near natural state, providing information as 
to their interactions and avoiding the risk of modification or 
degradation of the analyte. This feature of the subject 
invention is due to the high specificity of the ligands 
incorporated into the detecting film. Additionally, the 
inventive direct assay system avoids the expense, 
complications, and increased inaccuracies inherent in the 
indirect systems currently available. 

I. The Poly merized Bilaver Film 

The polymeric film according to the invention is a multi- 
layer assemblage which allows for the direct detection of the 
presence of a wide range of analytes by changes in color 
spectral criteria. 

A. Prepara tion of Polvmer Film 

Polymeric detection films of the invention are simple and 
easy to prepare. 

Briefly, monomeric lipids having hydrophilic groups, such 
as carbohydrates, amino acids, etc. which groups are able to 
bind to biological materials, are used as the ligands for 
detection of these materials. Monomeric matrix lipids, having 
hydrophobic groups, are used to assemble and orient the film. 
Both lipids are mixed in proportion from about 5-40% of 
ligand/matrix lipids in an organic solvent, such as chloroform, 
benzene, hexane , xylene, and others, or in a mixture of the 
organic solvent with an aqueous solvent, such as a mixture of 
chlorof orm/methanol , preferably about 9:1. The solution of 
ligand/matrix lipids in the solvent is slowly added, typically 
in small drops, onto the surface of the water, where it orients 
itself by attaching the hydrophilic groups to the water and by 
projecting the hydrophobic groups out of the water. During 
this step, the organic solvent either evaporates or is removed 
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V, K nri the lipids as a fluid film positioned in the 
leaving beh.nd the l.p performance, the 

water surface ^« concentration on sn,all water 

1.P1.S "^^;-;;/J-r:;;..Ld m sand«ich-liKe manner 
'^"■"'.ariers o; both sides of the lipid fil.. Then, the 
'^ rllrs are polymerized by, for example, exposure to the 
liprd monomers are poiin. polymer which is, to a 

- ^^nVblue Th-s polyJer'is'then mounted on, or 

na.ed eye. ^^^^^ ^^^^^'^^.^ ^,fp,„a support structure, such 
attached to, '-^'^/J^/^^J/J,,^,, ,,ass, celluloid, etc., or 
rheTT^m suto-ing structure which can he coated with 
ranchorin; hydrophobic surfactant such as octadicylsiloxane , 
or hexami hyldLiloxane. and others, wherein the siloxane group 
orhexametny assembly has blue color, 

^"^^^e ::v™diartylenic lipid monomers such as compound 
1 ,pj 1) are readily polymerized in monolayers by ultravrolet 
. form a conjugated polydiacetylene backbone of 

:iZT.:o::r.L, standard art methods >^ 

alternating y mH T o^iy"''- S'^^gnoe. 

^-^^^^''^--fffS^, 1. aos ,1.73,,. moneenO^odiment 
^^^'^^^-'^■^^^T'thermo-chromatic polydiacetylene bilayer 
rsUI d oT'a sJpport, ana then used for - detection 
'rocel!^ The polydiacetylene layer is f unctionalized wrth 
r:::!pt:r specific ligand for the target molecule which is to 
L detected Both <^alitative and quantitative findings as to 
the presence of the target material can be obtained using 
various embodiments of the subject invention 

in one embodiment of the present invention, the bilayer 
, a self-assembled monolayer of 
is composed or a ^ 
30 octadecyltrichlorosilane and a .angmuir-Blodgett --^ayer of 
polydiacetylene (^romni r-BI nd^ett Films ■ Roberts. Ed.. Wiley 
York, (1966), . The polydiacetylene layer in this case is 
Lctionalized with an analog of sialic acid. ^^-J 
the receptor-specific ligand for the influenza virus 
S hemagglutinin, as well as for other pathogens. The sialic acid 
ligand serves as a molecular recognition element. 

This oolorimetric technology is coupled to materials whose 
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Chemical properties can be tailored to bind a variety of small 
organic molecules. Many organic hosts form inclusion complexes 
wath dipolar protic and aprotic compounds. Certain inclusion 
compounds, or clathrates, such as compounds 1 and 2 seen in 
5 Reaction Scheme 1 have been shown to be highly selective 
sorbents for organic solvent vapors ( Anaew. rh.n, r^. 
Engl^, 32: 110 (1993)). For example, compound 1 has a 
pronounced affinity for dioxane and little affinity for 
butanol, acetone, methanol, 2-propanol, cyclohexane, toluene 
) and water. The lack of affinity to cyclohexane is particularly 
remarkable given the similarity in chemical structure 
compound 2 on the other hand, shows a pronounced affinity for 
1-butanol over the same group of solvents. This breakthrough 
combined with colorimetric detection led to a new class of 
' Chemically sensitive materials immobilized on surfaces 
surfaces which have both the clathration element and the 
detection element built into a single supra-molecular assembly 
represent a novelty of the method for direct detection of a 
wide variety of environmental contaminants. 

Clathrate-forming compounds coupled to the polydiacetylene 
polymer form a new class of materials which are chemically 
sensitive, robust, and have unique optical properties. These 
materials offer a novel, yet simple method of detecting the 
presence of organic solvents by monitoring the color changes 
which occur in the film upon binding of the offending compound 
NO technical expertise is required to use such a detector- thus 
xt xs suitable for on-site analysis by persons with little or 
no technical experience. The molecular level understanding of 
why clathrate-forming compounds of a given structure complex 
wxth a given test molecule leads to a wide variety of 
Clathrate-forming polymeric thin films. All these are within 
the scope of the invention. 

^- The Composition of the PolYm^^s^ Trjin, 
The inventive assay film is composed of the base polymeric 
bi-layer filn,, whose surface contains both orienting and 
detecting head groups. The detecting head groups are composed 
of a ligand specific to the analyte in question, which is bound 
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• ^r,,^ nf a linear structural linker. This 

one .e™.nal e c a ^^^^ ^^^^ 

rrrna. .ase .U. su..ace is aX.o provi.ea «i.. 

"nX'^MirJS^ U.ana w.ic. is .va.op.iUc in 



nature .s .^pi^ „a„i, „e. of 

- spacer molecule (3) ,,,,,3. Both the 

r^rCrlatr. .re%oLeri.ea into a chromatic 



l.gana an= . The chromatic detection element (5) 

rtf^rection element (=>> ■ -^-"^ ^ 
Tilh is through its hydrophobic side, connected to a 
„Iort layer (7) which is also hydrophobic and ^s, 
S :n :r"attr:::to a support structure, such as a microscopic 
lide 9, . Alternatively, any surface which will accommodate 
the hydrlphobic detection element (5, can be substituted for 
the elements <7) and (9, . For example, a plastic surface could 

.0 ^^"%he Xer""film comprises a ligand lipid monomer, 
" optionally' a Compound used as a linger or spacer, a - r.x 

iLid both polymerized into the detection polymeric fxlm 
having detection and orienting head groups, said film mounted 
on the support system. 

1 T.^q=ir.r» GrOUP 

A ligand or its derivative is a hydrophilic liprd monomer 
to which the tested analyte binds at a specific recognition and 
detection site, which can be rendered polymeric by IxnK.ng of 
the ligand through a linking arm of the lin).er or spacer to a 
30 To y^erized thin bi-layer film. The ligand is typically 
spe^fic either to the individual analyte or to a group 
thereof. The ligand forms a part of the detecting heads of the 
polymeric film and it can be monovalent or multivalent. 

The ligand group of the present invention, seen in Figure 
3S 1 (1) is selected from a wide variety of materials. The main 
criteria for such selection are that the ligand has an affinity 
and specificity for the analyte of choice. The ligand may be 
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directed to a single entity or to a broad range of materials, 
such as when a class of materials is to be assayed'. 
Appropriate ligands include peptides, carbohydrates, nucleic 
acids or any organic molecules which bind to receptors. For 
instance, all influenza strains use the same binding sites when 
binding to a host receptor molecule. Thus, the host receptor 
molecule is advantageously employed for screening for all 
influenza strains, including those which have not yet been 
characterized. 

Ligands are also advantageously used in the present 
invention when they function as competitive binders to the 
analyte, for instance, when a pathogen is introduced with a 
test material which is to be tested for the presence of a 
receptor molecule. In absence of the receptor molecule, the 
pathogen binds to the assay bilayer and produces a color. To 
the degree that the pathogen surface binds to the receptor 
molecule introduced in the test material, the binding is 
diminished. In this way, the presence of a receptor molecule 
is detected and quantified. 

2 . Linker 

A linker or spacer may be a separate linear structure 
molecule linked through one terminal end to the ligand and 
through the second terminal end to the base film or a part of 
the ligand or matrix. Specifically, the linker is attached to 
one of several monomers which have been polymerized into a 
chromatic detection element. A structural linker has a 
sufficient length and conf ormability to allow binding of 
multiple sites on the analytes. The linker may be, for 
example, tetraethylene glycol. 

3 . Polymer backbone 

Polymer backbone is a layer of a polymerized bi-layer 
assembly able to signal binding occurring at the surface of the 
film by a chromatic transition visible as a change of color 
from blue to red. The polymer backbone may be, for example 
polydiacetylene. The polymer backbone is bound to polymer bi- 
layers . 

Polymer bi-layer is made of polymerizable monomers, 
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preferably ligand/matrix lipids polymerized into a chromatic 
Tt :rion'eXelnt. Bindin. o. t.e analyte to t.e ^^^^-^^^^ 
to the polymer backbone induces stress w.thxn the b.- layer 
Changing Z effective conjugation length of the polymer 

''^"'"'The' monomers suitable for polymerization are lipid 
monomers. The matrix lipid monomers are such "-"^^ 
acetylenes, diacetylenes . alkenes, th.ophenes, xmxdes 
.cjamides, methacrylates , vinylether. mal.c anhydrides 
urethanes, allylamines, siloxanes or -"Vlpyr^d.nxum etc^ 
Lipids containing these groups can be made .nto homopolymers 
or mixed polymers. The preferred group for use .n thxs 
invention is the diacetylene group due to its J""^ 
properties in the polydiacetylene , its polymerized form. The 
, Lst preferred matrix monomers are diacetylene monomers such 
.s polydiacetylene and octadicyltrichlorosilane . however other 
pol^erizing groups could be used when they provide an 
Observable change in properties upon a binding event. The 
second component of the bi-layer are the ligands described 

0 above . -, , 

Lipid monoTners are readily polymerized into monolayers by 

ultraviolet irradiation or by other means. 

4 T.n pnr^ Deten t- ina and Orient inq Groups 
The lipids are important in forming and structurally 
5 orienting the film's bi-layer so that binding of the analyte 
results a detectable color change. The detection is based on 
a structuring effect of the orienting groups appropriately 
stabilising the physical structure of the bi-layer to 
facilitate color stability until the binding of the analyte to 
,0 the molecular recognition ligand groups happens. The binding 
causes sufficient steric perturbation or stress of the 
structure to result in a color change. The stability and 
relative rigidity engendered by the orienting lipids unxtes the 
bi-layer, so that a steric change in one area triggers a larger 
35 effect in the surface as a whole which can be readily observed^ 
The observed spectral changes are due to stresses induced 
by binding which change the effective conjugation length of the 
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polymer backbone . 

Materials, suitable as ligand detecting groups in the 
present invention are hydrophilic lipids including -CH^OH, - 
CHjOCONHPh, -CHpCONHEt, -CH^CH (Et ) OCONHPh, -(CK^),OU, 
CHzOCOPh, -CHjOCONHMe, -CHjOTs, -CH{OH)Me; 

-CH2OCOR2, wherein is n-C^Hi,, n-C,H,,, n-C^H,,, n-C,,H,3, n- 
C13H2,, n-CisHji, n-Ci7H35, Ph, PhO, or o- (HO^C) CeH, ; 

-OSO2R2, wherein Rj is Ph, p-MeCgH,, p-FC^H,, P-ClCgH^, p- 
BrCgH^, p-MeOC^H,, m-CF,C,K^, or Me; and 

-CO2M, wherein M is K,HNA, or Ba/2. 

The preferred materials which can be employed as head 
groups in the present invention are: 

- CH2OCONHR2 or -CH2CONHR2 where R^ is Et, n-Bu, n-C6H,3, 
n-CeHi,, n-Ci2H25, cyclo-QH,,, Ph, p-MeC,H,, m-MeC,H,, o-ClC^H,, 
m-ClCjH,, P-ClCgH^, o-MeOCeH^, 3-Thienyl, Me, Et, Ph, l-C^oH,, Et, 
Ph, EtOCOCH^, BUOCOCH2, Me, Et, i-Pr, n-C^B^,, EtOCOCH^! 
BuOCOCH^, Ph, or 2 , 4 (NO^) ^CgHjOCH^, CH^CH^OH. 

The most preferred detection groups are taken from - 
CH2COX, where X is OH, MeO or any salt thereof. 

Materials suitable for use as matrix orienting groups are 
hydrophobic lipids used to assemble and orient the film. The 
groups comprising the tails of the lipids are of a wide 
variety. Serving to anchor the polymerized film to the support 
surface these moieties can be any of the following: CH3-' CH O- 
, neo-C^H.^O-, cyclo-CeHi.O- , PhCH^O- , p-AcC^H^O- , p-BzC^H^O- , p- 
BrC^H^COCHjO-, p- {PhCH=CHCO) CeH.O- , p- (PhCOCH=CH) C,H,0- , ' o- 
BZCgH^NH-, p-BZCgH^NH-, MeOCH^CH^NH- , n-C.H.jNH-, EtO- . The 
preferred group in this invention is the methyl group. 

5 . Film Support 

The supporting structure (9) to which the film is attached 
can be a variety of materials. The material used in certain 
embodiments of the invention, such as Example 1 is a 
microscopic glass slide which has been made hydrophobic by 
treatment with an appropriate surfactant such as 
octadecyltrichlorosilane. Any material which is somewhat 
hydrophobic such as plastic, mica metal, ceramic or other 
relatively uniform polymeric surface can be used. Glass is the 
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^referred tran.ferra.at support in thi. invention due to it. 
tralsparenoy for ease in reading the color changes. However, 
irlraLparent materials can .e employed using a refiectance 
type measurement . 

Receptor-binding molecules are materials on the surface 
of a host cell to which a pathogen attaches itself as a prelude 
to the infective event. Selecting such molecules as the Ixgand 
group of the present invention provides a specific 
!ite for these pathogens as these molecules tend to be hxghly 
genetically conserved in the pathogen having obvxous 
!riticality to the pathogen survival. Different straxns of the 
same pathogen will generally not produce a false negatxve 
result when molecules such as the ligand group in the subject 
invention are selected. Receptor molecules tend to be smaller 
and less complex, and often less hydrophobic. 

Receptor-binding molecules such as those descrxbed above 
are detectable by the current invention as an increasing number 
of receptor molecules have been recognized, identxfxed, 
) isolated, and synthesized for a large number of pathogens. 
Many of these receptors have been improved for use in varxous 
analytic and treatment systems. 

A good example of the usefulness of the inventxon xs the 
sialic acid derivative used for detection of influenza or 
malaria. Examples of the receptors for a number of pathogens 
are provided in the application as Table 1. All of these, as 
well as any other ligands falling within the scope of the 
invention are within the scope of the subject invention. 

Example 1 describes one exemplary use of sialic acxd 
3 0 derivatives as one preferred embodiment for the use of 
receptor -binding molecules. 

II , aggav Testing C nnditions 

The assay of the invention is performed under gentle 
testing conditions sensitive to tested analytes . The inventive 
3 5 polymeric thin film construct employs ligands and analytes 
which are stable or possess appropriate binding characteristxcs 
specifically within a limited in vitro or narrow environmental 
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range of conditions. The present invention meets stringent 
limitations even within this narrow range of such conditions. 
This allows, for instance, maintaining three dimensional 
conformations of sensitive biochemicals and biomolecules 
throughout the testing procedure . 

The test is extremely simple in that the tested analyte 
or molecule is contacted with the polymeric film of the 
invention and the color change and its intensity are observed 
and measured for quantitation. Typically, this process lasts 
only about 3 0 minutes. 

The present invention functions well even in extremely 
limited conditions. The assay conditions, such as pH, 
salinity, and temperature can be carefully controlled by 
feedback controls, titration and other techniques without 
interfering with the accuracy or sensitivity of the analysis. 

Because of this wide experimental range advantage of the 
present invention, intact cells or sensitive subcellular 
inclusions are assayed without disturbing their structural 
integrity. Subtle cellular development stages, such as the 
various stages of malaria infection can be monitored. 
Additionally, the association between various factors can be 
tested or monitored even during the interaction process using 
the method of the subject invention. 

The inventive film and method are suitable for assaying 
of very small biological or other molecules for which 
antibodies cannot be developed. These target materials include 
organic solvents or pollutants present at extremely low levels. 
There are special opportunities made available by the advances 
achieved by the subject inventors for drug screening in both 
forensic and clinical applications. Inhibition techniques 
applied to the subject invention allow the testings of 
materials which are of a minute size or have a small number or 
single valiancy. 

The unexpected spectral signal achieved by the present 
invention is due to a physical perturbation of the bilayer 
which occurs as a result of the binding event of for example, 
multivalent materials, such as viruses and cell membrane 
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^hich certurbacion then is detected using the 
invent! " thod. Thus, multivalent materials 
rallvTici a particularly strong response in the assay 
because o£ conformational changes introduced into the 
:l^i::ir layer as a result o. binding, causing physical 



-"ntntrng-l/rrer,- Single valent analyte materials 

rthrsu:.^::.=~^ 

Z T:11:1 . poly^er or the surface of a liposome. Th s 
Tould concentrate the binding event on the inventive b.-l.pid 
i to specific points, increasing the spectral 

r tion at each point of contact. Additionally, the 
::ren flee Of ti: Uposome to «hich the analyte is attached 
::"d serve to tug the peripherally bound analytes away from 
Ihe bi-lipid surface and force analytes centrally located on 
the liposome into the bi-lipid surface. This pre -binding step 
thL results in increased torsion, perturbation and s.gnal 
aeneration on the bi- layer surface. 

^ The assay of the invention is suitable for de-ct.on of 
„ea. binding analytes as «ell as for -^^.^^^^ ,7;;/;^^, 
multivalent feature of the polymer -l.nked Ixgands of the 
"b ect invention provides a heightened binding capacity .n the 
else of naturally multivalent analytes. Multivalency can als 
be provided for limited valency analytes pr.cr to the test 
procedure to imbue them with this advantage of the sub ect 
•Mention. The inventive e^loitation of multivalency allows 
a specific but weak interaction to be amplified many fold. 

"structural linker of sufficient length and 
0 conformability aids the binding of multiple °" ^*>^ 

analyte even when they are conf ormationally separated on a 
curvL surface. As a result of these special features the 
present invention can detect many ligands previously unsuitable 
for assay evaluation. 

The main criteria for effective indication of the presence 
of an analyte is that the surface of the indicating b.-layer 
be sufficiently perturbed to produce the requxsxte spectral 
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change. Binding the analyte to an immobilizing particle serves 
this purpose, as it concentrates the analyte in a small area, 
and further provides a three-dimensional aspect over a 
relatively large area to even a small analyte. 

A large variety of ligands may be employed in the subject 
invention, allowing great flexibility in detecting a 
multivalent test target. Ligand selection is based on the most 
advantageous binding and steric characteristics, rather than 
on accommodation of the test system. Thus, the most 
advantageous ligands are selected based on such factors as 
hydrophobicity and hydrophilicity , size, position of binding 
site, and conflicting affinities vis-a-vis the analyte to be 
detected. Ligands which are advantageously employed in the 
subject invention include carbohydrates, peptides, nucleotides, 
heterocyclic compounds, and other organic molecules. 

The inventive polymerized bi-layer assemblies film 
structure and morphology are shown in Figure 1 as a schematic 
diagram of the polymerized bi-layer assembly. The siloxane 
linkages of the bottom monolayer are not shown. Fig. 2 (A) 
shows an optical micrograph of the sialoside bilayer assembly 
between crossed polarizers. Large domains up to 150 /xM are 
visible. Scale: 1 cm = 2 0 /iM. 

The initial investigations focused on the binding of the 
influenza virus to sialic acid as a model system for 
colorimetric detection. The study is reported in Example 1. 
A lipid monomer contains a carbon- linked sialic acid head group 
that provides a molecular recognition site for the viral 
lectin, hemagglutinin. Figure 3 shows the matrix lipid (ii) 
sialoside lipid (13) and lactose lipid (15) used in LB film 
formatting and compounds a - NeuAc (17), i8-0-NeuAc (19), and 
Of glucose (21) used for competitive inhibition experiments as 
described in Example 4. The syntheses of compound (13) is 
reported in J. of The American ChemjR^T-Y SoriPtY 115: 1146 
(1993) . A carbon glycoside was used instead of the naturally 
occurring oxygen glycoside to prevent hydrolysis by the 
neuraminidase, which is also present on the surface of the 
virus . 
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„X. lasaatJatfili^ invention is ics 

usefulness or ,,,,,i„„3 a.ena.le to analyses 

binding events, and bx ^.^^ig^es . Many of these 

using the current xnven ^^.^^ available 

„..erials ^^^J^^tion utili.es specific binding 

assays. The ? im^noglobulin generation. 

Without the advantages of the inventive 

tTIllTw Te "eTection and <^antitative evaluation 
assay system allow tne ^^^^i^usly unachievable because 

of materials which :,,,„,s. The present 

°' ^^ts^irradyleen te'sted in a unique assay .ethod for 

invention has already p^^^sitic infection as described 

accurate detection of '"^^^"^/""'^.j,,,^,, assay for malaria 
..ample. .In ^ proven an intractable 

rhalir/e ft "th" the immunological assay or analytical 

in the detect the presence or 

ohanges to -^^ ^^^^^^^ conjugated polymer 

absence of the ^^3,^ly signals binding 

"■r-.rr'r.rs."':: ..... 

4- t-Vx:^ surface of the bi-xayer. 
oocurring - /J^^,, , ^..^cular recognition site and a 

assembly --^°;;"%^,3 color-based sensor enables 

'"^r^°Ial\tT:rve detection of binding by visual inspection 
Tth^rim orUtitative detection by visible absorption 

spectroscopy. ^ chemically 



35 



wo 97/27316 

PCT/US97/0129I 

22 

as simple colorimetric biosensors. These films are derivatized 
w.th a carbohydrate-based llgand which specifically binds LI 

InTiLT: T T'^'- ^""^^^"^"^ °^ 

inxt.ally blue .n color. Binding of a virus or other analyte 
5 to the derrvat.zed polymer causes a change in color of the film 
from blue to red. The intensity of the resulting red color 
corresponds roughly to the ^antity of the virus Means II 
ampl.fy.ng the spectral signal for guantif ication are Ln 
.no^ rn the art. such as scintillators, may advantageously be 
0 -Ployed When low levels Of analyte are present. Because o 
the empxrxcal nature of the signal. there are many 
opportunities for automating the read out of the present 
inventive assay system. present 

I" embodiment of the present invention, a blue color 

> Shift is Observed visually by the testing technician. Becase 
of the Simplicity of the reaction, such observation may easuj 
be accomplished by an untrained person making thi ass^y 
suitable, for example, for at-home testing. AlternatiCelv 

determine a change in spectral color-shift beyond the limits 
of Simple Visual observation, including optical density to a 
particular illuminating light wavelength. 

spectral changes outside the human visual range can be 
employed effectively in the subject invention by use of various 
spectral analyzers, such as light meters, or through IZHIZ 
Observation of the surface using various translating de^ ces 
such as infrared and ultraviolet detectors 

are iT ZTTzr.r'::^;'^'' 

advantageously be employed "henTl Teverol^aryte IZ 
present. Because of the empirical nature of the signal there 
are many opportunities for automating the read Lt of h 
present inventive assay system. 

For more precise quantitative measurement, the film is 
scanned with a visible absorption spectrometer where the 

(red) is readily assessed as seen in Figure 4 (Table 2) 
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^= riirectlv proportional to the 
concentration of the analy ^^^^^^^^^^^.^^ ,3ai™ of 

■ ^ Kx, *>v:nlorinq a new class of liga 
environmental ^^^^^.T l^^ZV^in^i'^^ ..all organic 



technology fro. the " of ligands 

environmental diagnostic, by explorx g^^^^^^^ ^^^^ ^^^^^^^ 

^ Th::r xtanir are similarly tethered to the 
ToiXre^y-ne .ac..one which provides the colori.etr.c 

detection of a ven- ^^,,,,^,ion of binding and other 

reiLal^rvir^^are detection of trace amount, of .any 

, rte very broad applicability, important classes 
Because of , i.^ention which have 

of analytes are ^^'^^^^^ \^ impossible to detect by prior 
previously proven diff^cul ^^^^^P^^ ^^^^^^^^ ^^^^^^^ 

art methods. Many vrr detected. These 

them, or infections ^^^^^^^^^^^ m,l„ia, among 

' --de the inventive 

others. Dire" = possibilities of diagnostic 

polymeric ^^J;- ° ^ i„ candidates or binding 

application and screenmy 

''^^The present invention is useful for designer drug 
The P-^^^"-; currently, to assess competitive 

development and sc een g ^^^^^^^^ ,,dio-labeled materials 
inhibition of ^^^^^^^ process is time-consuming 

are typically used. H°"^^"' J ^adio-labeled materials . 

and retires access to and h n^^^^^^^^^^^^^ are limited 

,0 O^her techniques^ such as £1 ^^^^^^^^^ ^ 

in that each ;;^^Yb"ively time consuming and expensive . 

^^'^^t:L"rma:; lahtages^o the genetically conserved 
„ ,ite being targeted by the embodiment of the 
host —9-"- determination Of a patient, s 

35 present J ,,,i„i,,.e, and not limited to a 

:rtriarstrairif the binding to the influen.a pathogen 
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receptor ligand is detected. This advantage of the present 
.nventxon also avoids the need for a large nun^er of 
immunological tests, as the clinician can rely on a single 
assay. Additionally, even newly evolved, uncharacterized flu 
strarns can be identified, further avoiding false negative 

An analogous limitation of immunoassays occurs in well 
established pathogens such as malaria parasites. m these 
organisms, phases of the life cycle which would allow for an 
.mmune response have over time been so limited that the immune 
response is eliminated. 

The present invention exploits the genetically 
conservatxve host binding site to identify the pathogen. Even 
rn comparatively large parasites, the host binding site tends 
to be held constant over time throughout the generations of 
pathogens. Additionally, parasites are usually present in the 
body a large number of diverse life stages. m well 

established parasites, the immune accessible sites often vary 
considerably from stage to stage, the advantage being that the 
host organism is unable to mount an immunological response with 
suf frcrent rapidity to avoid the entrenchment of the parasite 
in this particular application of the subject invention' 
varrous Iterations of a drug can be guicicly screened 
interference with infective binding by a pathogen. Table 1 
provides a number of examples of the host receptor molecules 
whrch prov.de the site of pathogen attachment required for 
rnfect.vity. All of these examples, along with many others, 
can be exploited by the subject invention for drug development 
and optimization. Multiple wells which can be made on a single 
b. -layer sheet allow many subtle iterations of a candidate drug 
to be tested, such as various levels of pH titering. By using 
thrs invention for drug testing, the current chilling effect 
on drug research of expensive, individual testing for each 
sample would be eliminated. 

The availability of high-volume inexpensive screening will 
dramatically increase the speed of drug development. For this 
purpose, a naturally occurring transmembrane receptor (TT^) is 
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^ ^nto a lipid bl-layer where the lipid layer is 
:r %olyn>erizable ..no.ers . This i. 

constructed compounds that have 

particularly applicable receptor is 

two triple .on s - ^^^^^ 
incorporated into the in place. Binding of sn>all 

polymerized to loc. ^^^^ 

rorrtioral ln.e in the ™. which a«ects the lipids and 
causes a --^J^^;-^, ,,.e been isolated. TMR' s 

invention. The use applications to drug screening. The 

"r^nnreLfon h : -ediate pertinence in the development 
subject invention ^^^^^^ ^.p,,^, cn binding to 

of new drugs of which b g ^^e dopamine receptor 

membrane bound receptors. For examp , 

K-nrt, the natural compound dopamine. In order to empi y 
binds the natur compounds that behave like 

b,ect mven ion to sea^^ the dopamine receptor, the dopamine 
dopamine, that is ^ ^^^^ ^^^^^^ 

receptor, used as a ligan testing is set out 

nv= rlTTias The approach for drug testing 

r™;. ..."'.,..=..=.. 

0 optimization. By -^^3 effectiveness, the critical 

provides -;^--^;^;::rb" apidly identified. This allows 
tuiro' the drug modification effort which will 
areatly increase the speed of drug development. 
35 Basic research of drug interactions, optimization, and new 

r indent is also made practical by the present 
rentr rsting drugs can be analyzed to determine which 
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structures are of the greatest importance In their therapeutic 
effect. These structures can then be optimized, and even 
transposed onto a more biologically acceptable, smaller or 
less expensive non-active structure. Such qualities as ' the 
B abxlrty to traverse the blood-brain barrier can be conferred 
If two different drugs are available for the treatment of 
L 7^7' . be analyzed as to activity using 

the technology of the subject invention. Then, their activ! 
"tes can be incorporated into a single drug. Additionally 
3 attendant structures which optimize activity can be 
appropriately situated on the new hybrid drug Anv 
interference in activity can be determined and ameliorated or 
eliminated prior to expensive and lengthy animal or human 

■ Another important application for the subject invention 

and method is the inexpensive, accurate assaying of infective 
states and other medical conditions. Per instance, antibody 
levels to a specific pathogen can be easily and inexpensively 
monitored through competitive inhibition of a set amount of 
pathogenic material placed in the analytic solution. 
Additionally, certain antibodies can be detected through their 
direct and specific binding to the inventive membrane 

A large variety of biologically related materials is 
advantageously susceptible both to quantitative and qualitative 
analysis using the subject invention. Infection by various 
pathogens can be tested long before clinical manifestations are 
Observed. This is of a particularly critical advantage in 
patients with depressed immunity, such as in newborns 
itlZT"^" recipients, and aid; 

in testing for pregnancy, human chorionic growth hormone 
is assayed using the present invention. A rise in luteinizing 
hormone heralds the onset of ovulation for both the achievement 
of pregnancy and for use in natural birth control methods 

Because of the simplicity of readout, the subject 
invention is highly suited for home use. Por example, it 
enables multiple testing at low cost needed in natural birth 
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.on.rol ™e.hoas .o. assessing .e.tili.y .o op.i.i.e ..e 
chances of achieving P"^"^^^^^^^^ . ^.p,,^,^ cf the present 

invention made posa.bl incentive for extremely early 

layer -^"^f^^^l^^-^'^Jetecting pregnancy prior to a .issed 
detect. on ^^J^^^^^^^ exposure to harmful factors, 

period xs important ^.^^^ ^^^^ 

which are — f ^^'^^ tportant when a pregnant voman may 
cf pregnancy. It .s a ^^^^ ^^^^ ^^^^ ^^^^ 

rnioTmaXsttU for t.^^, - 

Trfsent intnln allows for si^le and inexpensive screening 

':::othtrtrortant application for the present invention 
>, nltoring of patients with chronic illnesses such as 
is the — -^''^ ,„,,Un blood levels can now be 

:"lv mon tored at home using the subject invention. This 
"f ^dLblt s to tailor their insulin administration to more 
allows drabetxcs t ^^^,,,„,„,3. It also allows 

T'to cLictly differentiate early symptoms of a trans ent 
T stch as flu from undue variations in insulin levels. 
^"The present invention also allows for the production o 
a Simple at-home test for cholesterol levels allowing pat ents 

o dTtermine their cholesterol levels in the privac. of the 
own home, encourages the more retxcen^ to^ « ^^^^^^^^ 

^TTIn rUents lthTnown hypercholesterolemia, the 
information. „,,„3 to closely monitor 

° T^'tli::!v" e7fects Of treatment efforts. The multiple well 
rst'::^^ mlae possible and practical by the present invention 
is particularly useful for vee.ly or even daily monitoring of 

'""^LHoIitoring of drugs and drug levels is a fertile area 
^ „ for the present invention. Patients typically 

ris'S a ra^ge oJ metabolic levels and liver activity. 
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This is particularly the case for those in a hospital 
sxtuat.on. Because blood drug levels cannot be easily 
determined, the clinician i. often forced to under-.edicate a 
pat.ent who could benefit from higher levels of administration 
S unfortunately, the doctor .ust err on the side of caution to 
avord the possibility of toxic levels being reached. The 
present invention allows a .ore accurate titering of drug 

ltZZT'°"' """'^ "^^^^ <^-' 

' abuse^'^L''"""' has important application in drug 

abuse When a patient suffers fro. a possible overdose th! 
actual blood levels of the drug and also its identity can be 
very rapidly assessed by the treating physician using the 
present invention. This information prevents potentially 

symptoms as those of the actual overdose substance 
Addrt.ona ly, less draconian detoxification measures can :e 
taken if lower than suspected drug levels are detected using ■ 
the subject invention. Conversely, toxic levels can b! 
detected even when the patient is not displaying symptoms which 
would alert the clinician to the actual danger level 

The subject invention is further useful in a wide variety 
Of xndustrxal applications. Por instance, industrial enzymel 
can be monitored as to their binding strength, as well afto 

effluenr""r T "'"'^ ' '"^''^ in an 

tlllT I . appropriate dispersal can be monitored in 

feedstock and media. 

The invention is very useful i„ determining optimal 
conditions for enzyme activity on any particular substrate 
^a.tionally, the en.yme can be easily engineered :r 
optxmization, including tailoring for specific uses or working 
environments. This is done in a manner analogous to designer 
arug evaluation as explained elsewhere. Thus, tolerance^or 
extreme pH environments, concentrated feedstock, cold and heat, 
can b ."^ --Sd-t.onal materials, and other desirable toleranc^ 
can be developed for industrial enzymes and other activl 
materials. The ability of the present inventive films 
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11 molecules using THR's as described in the drug 
detect s.all ^^^^ excellent use in industrial 

development f , Noteworthy a^ong TMR- s to be 

..d -^-"-""^^^r^:;rtle ^factory TMK.s. These can bind 
rat'odortlXules and have important applications as an 
environmental sensor amo^g othe-^^ to measure analyte 
""'.orind^s ^ial process control applications, for 
"""""TraVety sytteL. in' environmental analysis , etc is 
warning and ^^^^'^ J analysis, such as gas chromatography- 

,reat. <^---;;7;rntt "on^ucive to on-site field analysis 
.ass spectrometry are n ^^^^^ ^^^^^ ^.^^ 

because of the analytl ^^^^ 
impractical equipment ^""^ „o^ld be 

technically ^ril l" -er'^^ -erial which 

. useful in ^-^^ -^^X/Ld can specifically bind the analyte 
is chemically friendly method to detect when 

in question, and a simple * m-line monitoring of 

..„ding Of - --jr.rr— pools, drinking water, 
. Tstrwatr^st^r etc.,%or contaminants can be developed. 

.rep3:rionT^:Viric film suitable for detection of 
25 influenza virus^ ^^^^ ^.^^^^ ^ ^^„p„3^<j 

, a selT aCred'm^nrayer of octadecyltrichlorosilane .OTS, 
. onolayerof functionali.ed polydiacetylene was prepared. 



the surface ol tn. ^ , ^ ^.^.^ 

:re:nLTersp:e"I o:%he water surface of a standard .B 
"°"^The matrix lipid uniformly dispersed the sialoside lipid 
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liposo.es. Ideal mixing of the two components was determined 
by analysis of the Langmuir isotherms. various ratios of 
monomers ,11, and (13) give isotherms whose limiting areas and 
collapse pressures change in direct proportion to the mole 
5 fraction of ,2, as expected for miscibllity. The mixed 
monolayer was compressed and polymerized on the water surface 

The floating polymerized film was lifted by the horizontal 
touch method onto a glass slide previously coated with a self- 
assembled monolayer of OTS . The resulting bi-layer assembly 
0 presents an array of carbohydrate ligands at the surface The 
tetraethylene glycol spacer in sialoside lipid <13, serves to 
extend the carbohydrate ligand beyond the carboxylic acid head 
groups of the matrix lipid (n) . 

Films prepared in this manner exhibited a high degree of 
. order over a macroscopic range (50 to 150 m as evidenced by 
optical microscopy with the use of crossed polarizers as shown 
m Figure 2. The films were further characterized by angle- 
resolved x-ray photoelectron spectroscopy (XPS, and 
ellipsometry. The XPS results indicate that the amide nitrogen 
atoms and the carbonyl carbon atoms of the head groups are 
localized at the surface relative to the methylene carbons of 
the lipid chains, demonstrating that the sialoside detection 
group is presented at the surface of the film. Ellipsometric 
analysis of the polydiacetylene monolayer coated on HF-treated 
silicon indicated a film thicKness of -40 A. in agreement with 
the expected value based on molecular modeling. The bl-laver 
assembly had a visible absorption maximum of 620 nm and 
appeared as a blue film. 

EXAMPT.K ■> 
a ualitative n^t-er-tion of T.fi„. „ „ 
This example illustrates the detection of the binding of 
influenza virus to the polymer film of Example l 

When the film obtained in Example l was incubated with X31 
influenza A virus in phosphate-buffered saline (PBS) buffer 
« PH 7.41, the binding of the viral hemagglutinin to the 
sialic acid residues on the surface resulted in a blue to red 
color transition. 
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.,B 3.o«s ..e =-o.i.e„ic response o. .he^n 

nalcea eye has been exposed to a blank 

^T:- :r/pBS Trfil on -e ^i... .^ea, .as been exposed 
solution of PBS. Tn ^olorimetric response of 

" -° °^ ^^TsuaTly' color ohange was observed when 

;re\T:e"a rrjated „it. a blan. solution of PBS 
r«er This result demonstrates a polydiaoetylene color 
tion arising from affinity binding ,af f initychromrsm, 
transition arismy ^ ^ • „\ 

, ,T anneal inq { thermochromism) . 

"^'-^LrourrudiesT^e L«n that .B films composed of 
Reaction Scheme 1, undergo a blue to red color 
liprd a). corresponds to the 

Change when ^^^^ J lipid chain melting. Lipid chain 
^""°'r™:nd tr/ung ae "ease the effective conjugation length 
disorder and tangling a similarly, Fourier transform 

demonstrate that lip ^^^^ ^^^^ ^^^^ 

polymer is ^ ^£ject the optical 

...format onai ^ . the viral 

properties of the P ^^^^^.^ ,pp,a,3 to 

rfrerr^li: cri^conformations in a manner analogous to 
thermal annealing. 

T?y AMPLE 3 

r„p, -- - n..nrMo. of TpflMe,-. Vjr.. Binding 

.tr;;;;;;;inn;^i^he .^antitati;;7^detection o 

binding of influenza virus to the polymeric film of 

'"^^".raddition to <^alitative evaluation by visual 
inspection, the degree of color change is — 
bv standard visible absorption spectroscopy. The ;'^"ble 
lo^tTon spectra of a bi-layer assembly prior ^^^^J^^ 

■ and a^ter (dashed line) viral incubation are shown in Figure 

■ r Tht bi-layer assembly was inserted into a ^artz cuvette 
centring PBS buffer (pH 7.., , and the absorption spectrum was 
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obtained. Addition of influenza virus in PBS buffer (pH 7 4) 
resulted in a chromatic transition following a 30-min 
xncubation period. Although the filn, color began to change 
withm seconds after exposure to virus, 3 0 min. was found to 
be the average length of time required for the CR to reach a 
plateau value in a nonstirred solution. These spectra 
represent a CR of 50%. 

The blue-colored film (solid line) before the exposure to 
the virus, had a strong absorption maximum at 62 0 nm and a 
weaker absorption at 550 nm. After incubation with influenza 
Virus (dashed line), a dramatic change in the visible 
absorption spectrum occurred. The maximum at 550 nm increased 
wxth a concurrent decrease in the maximum at 620 nm, resulting 
m a red-colored film. 

In order to quantify the response of a film to a given 
amount of virus, the visible spectrum of the filn. before 
exposure to virus was analyzed as equation 

^" So = l620/(Is5D+I«o) 

Where is defined as the intensity of absorption at 620 nm 
dxvided by the sum of the absorption intensities at 550 nm and 
620 nm. After exposure to influenza, the equation was 

where B. represents the new ratio of absorption intensities 
after incubation with the virus. The colorimetric response 
25 (CR) of a filn. is defined as the percent change in B upon 
exposure to virus: 

^' CR = [ (b,-BJ/BJ] • 100% 

The colorimetric response was directly proportional to the 
30 ^mT^''' f influenza virus, measured in hemagglutinating units 
30 (HAUs) , where 1 HAU is defined as the highest dilution of stock 

vxrus that completely agglutinates a standard erythrocyte 

suspension. 

Figure 5 shows a plot of the colorimetric response of a 
sialoside bi-layer assembly versus successive additions of 
35 influenza virus. A blue film containing 2% of sialoside lipid 
13 (Figure 3) and 98% matrix lipid 11 (Figure 3) was 
preincubated in PBS buffer for 30 min., after which successive 
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:fr^trri:-rv..rr..;. .... ■ 

.-.n of the colorimetric response occurs at -80 
"TTS,°\Tre, fil. With a buffer blan. (no virus, 
„^„s. 3 of the blue color. Thus, 

i:^.::^::^^^^^ ^^su. m the c^or change appear 
to be irreversible under these conditions. 

This example illustrates utility of the invention rn 
competitive ,„teraction between the 

The ^^■-^^^':,\tr'^3\,,o,iae film surface was confirmed 
influenza vrrus and the ^^^^ the CR 

.y competitive J;rn^ .... bind to viral 

, of the film can be .nhxb:Lted y P bi-layer assembly 

— '^^s o;"rfr:.rvr..rP-- ^ colorlmetric 
32 ^us o concentration of v.rus 

response of 2^6. H compound 17 (K, = 

S TJT^^ ■ col-\, completely suppressed the CK to less 
5 2 mM) ( Figure D, ^„u^v,^^ion The CR was not 

constant K, ot ^ Incubation of the 

33 :rercrofn;r:.o^ bindm. — ^ ----^rrsu^: 

(CR < 0 S%) and the film remained blue. mi 
I^^onstrates that the inhibitor effectively competed with the 
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sialoside surface for binding to the virus. When the blue film 
was exposed to the same quantity of influenza in the presence 
of a noninhibitor (Figure 3, compound 19, Kd > 50 mM or 
glucose, compound 21) , the color change was identical to a film 
exposed to influenza alone. 

in order to test the capability of the film to predict the 
value of Kd for an inhibitor, the CR was measured for a series 
of inhibitor concentrations. The CR increased in a linear 
fashion (r^ . 0.995, with decreasing concentrations of 
rnhxbitor 17. Extrapolation of this plot to CR . o% gives the 
rnhibitor concentration that completely prevents binding of the 

IZir ^^'"^ r.,r.s.... the 'minimum 

inhibitor concentration required to effectively compete with 

TlZ T ^""^ Obtained, 2.5 , 0.83 mM per 

4 HAUs of virus, is in agreement with the value of 2 i i - 



. -"^ »«j-uic ui. z ±1.1 mM 

obtained by a standard HAI assay and 2 . e . 0 . 30 mM as obtained 
by nuclear magnetic resonance spectroscopy. 

The inventive inhibition assay described here is direct 
and easy to perform. This approach avoids the need for red 
blood cells, which are used in the standard HAI assay m 
addition, the subjectivity of reading microliter plates in the 
standard >^l assay is replaced by a quantitative 
spectrophotometric method. This methodology could be applied 
to screening for new drug candidates or binding ligands. 
EXflMPLR 
Non-sopcifjn 

This example illustrates the non-existence of non-specific 
adhesion interfering with the assay of the invention 

in order to assess the CR due to non-specific adhesion, 
two experiments were performed, m the first experiment, films 
incorporating lactose lipid (15, (Figure 3, were incubated with 
the influenza virus. Lactose was not a ligand for the 
hemagglutinin lectin. Incubation with 10 0 HAUs of the virus 
Which is a concentration corresponding to a maximum respons^ 
in the sialoside films, show only a small effect ,CR of 2 to 
4%, . in the second experiment, films containing sialoside lipid 
were exposed to concentrated solutions of bovine serum 
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Aaain the same small CR was observed. These 
albumxn Agaxn^ t non-specific adhesion of virus or protexn 
::trfr ::::ar does no^. p.od.ce .he drama^c color change 
oLe'ed from specific receptor -ligand b.nd.ng. 

TT.YRMPLE 6 

This exan,pl. illustrates the utility of the invention for 

r/ecirorana its reciprocal .indin. partner (receptor 
iL„le) knovm to be involved in the physiological 
.C >=-^^-^"°^7A:L;s^were selected. The binding partner »as 
regulation of interest ^^^^ .....aing to Example 1. 

™Th: cr oTn^rotrans^ission and neurological drug 
f ^ instance, a dopamine receptor was employed, 
development, for - — ^ euch as 

IS in the J\ J^^^^ ,i„3es hemagglutinin receptor 

influenza for incorporated into the film 

r Za^^^- or - —tsro ::t::: 
.0 rr - th! hiding site m a .y which 

effects physiological functions. 

When the described receptor was present, it caused a color 
changf len allowed to bind to the inventive me^rane 

"^Tc^^lrLtTdrtl" tC -ntroduced into the system. Xf 
25 A candidate dr g modified the binding 

:rrtnrs :::::.g :apa::j:t.ere was . concomitant decrease 

!r:L color Change observed in 
3. r4r°r:rc;\t:rnTras rnt?tated\y observing the 

See of decrease in signal as compared to the control. 

^ Variations of the above approach are used to suit 
diffeleL systems. In some cases it is necessary to organi e 
the receptors into large assenO^lages such as incorporation into 
3S polylers liposomes or membranes. This arrangement amplifies 
tle^Tlm changes when the receptors bind. However, when a 
TaLidare drug'is introduced which binds the receptor as above. 
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there is a concomitant decrease in the observed color change 

Another variation that is applicable to this invention 
requires that the receptor portion be attached to the film 
A known receptor is covalently attached to the film at one or 
more points. This can be accomplished by appending the 
receptor to the monomer prior to film polymerization (as in the 
foregoing example for binding partners) or after the film is 
polymerized through modification of the film's surface 
Binding partners then interact with the immobilized receptors 
distorting the film, giving rise to the color change. In this 
way, test candidates can be directly screened with receptors 
giving a positive film response rather than absence of color 
change, as in the previous variation. 

EXAMPr.F! 7 
General ized App -rr.ar^h 
This example illustrates general utility of the invention 
Generic film is made where the binding partner is kept 
constant and an intermediate linking moiety is varied to 
accommodate an ancillary novel binding partner. 

A film which has biotin on its surface binds the protein 
streptavidin. This protein is tetravalent, therefore in its 
bound state it still has one or more sites available for biotin 
binding. Novel binding partners are derivatized with biotin 
to attach themselves to the filn, surface through the 
intermediacy of the streptavidin protein. Only a single 
biotinylated film is prepared, and built up in a sandwich 
fashion with streptavidin, the biotinylated test binding 
partner. Exposure of this assembly to the test receptor gives 
the desired color change. As in the previous example 
competitive assays are performed to identify new drug 
candidates . 

EXAMPLE fl 

Entrapment and Detection of Smal] n^rr.^.r. Mol^nnl^c 
This example shows the development of a new class of 
functional materials which specifically trap small organic 
compounds and report the entrapment event by a colorimetric 
change which can be detected visually. These materials act as 
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w censor devices which detect the presence of 

::r.rrr:rs=. ..... .o.. pox.... a. 

"T't" e'an: ::etriLxly pure es.er o. pen.acosaaiv.oic 

3 ,PD^, Ts hydroxylated via molydenu™ peroxide ox.da..on 

r IcchoTV Diasterio^ers are separated and the ester .s 

. T ed to chiral lactate analogs 5 and . . The ethyl esters 
hydrolyzed to =h.ral ^^^^^^^^ ^^^^ 

r- d cLaT "pid analogs . and 8 . Variation in the R 
:::;: ret" in a^ide variety o. new materials in which the 

--'Z rorripHtit::::: ro::™! co^p^ssed on 
- — — r:on:i::r:r-r= 

poly.eri.at.on o - h ^^^J ,,,.ed 
Thrdroprrea Microscope slide. The ability of fil^s 
na 8 t! entrap dioxane and 1-butanol and to undergo the 
" t ctrd cortrarsition was tested. Because the techni^e 
w «or,^-ralized appropriate derivatives of l and 2 are 
::Lc" aCdturg o/L che^istry ^^^^^^^^^^^ ^ ^ 
- =n,.ll molecule is determined. To date, little is 

33 ^^r: : t th": Iterials . ana . are highly selective to 

^Ixane and 1-butanol, respectively. By exa.in.ng a serxes of 
dioxane an solvents was screened usxng the 

:ro:i:e ;ic al tectiln. techni^e to determine which solvent 
flr^s the n,ost suitable guest compound. By using computer 
Tn- cavities were engineered to be of the specific size 
" rrs^pe to J^l/t^oanaJte molecules. The un=o.plexed and 
co^P exel filn. with a variety of standard surface techni^es 
IZ fully Characterized. These include XPS, Auger, Leed^ 
Tllipso^etry. Ha^n spectroscopy and STM. All - -e- e^b^^^^^ 
35 determination of the structural requirements of ^^^^^/^^^ 
in order to rationally design new materials with specific 
clathration properties. 
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EXAMPLR Q 
Detection of Ma1p.^-i a Mg-rn^o-i 

This example describes the films and conditions used for 
detection of malaria merozoites. 

The films contained sialic acid and were prepared 
Identically to those described in Example l. The films were 
exposed to erythrocyte containing solutions of malaria 
merozoites. After overnight exposure to the pathogens the 
fxlms became pink in color. The color response (CR) in each 
case was nearly 100%. 
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CLAIMS 

1. A polymerized bi-layer film for direct detection of 
the presence of analyte comprising: 

a) a ligand comprising detecting group having direct 
affinity for the analyte or functions as a competitive binder 
to the analyte; 

b) a linear structural linker having two terminal ends, 
wherein said linker is attached at its first terminal end to 
said ligand; 

c) a conjugated polymer backbone to which said structural 
linker is bound at its second terminal end; 

d) orienting groups which are bound to the surface of the 
conjugated polymer backbone in positions not occupied by the 
structural linker; and 

e) a support structure; 

wherein said film undergoes detectable spectral 
modification upon binding of a target analyte to the ligand. 

2. The film of Claim l, wherein the analytes are 
biomedical materials, pathogens, drugs, or industrial 
materials . 

3. The film of Claim 2, wherein said biomedical 
materials are selected from the group comprising pathogens and 
cells infected by them, drugs, hormones, blood components, 
disease indicators, cell components, antibodies, lectins, 
enzymes, genetic material, and their metabolic derivatives. 

4. The film of Claim 2, wherein said pathogens are 
selected from the group comprising viruses, bacteria, parasites 
and other pathogens . 

5. The film of Claim 4, wherein said virus is selected 
from the group comprising influenza, cold, rubella, chicken 
pox, hepatitis A, hepatitis B, herpes simplex, polio, small 
pox, plague, HIV, vaccinia, rabies. Epstein Barr, reovirus, 
rhinovirus, and mutations, strains and/or ligand recognizable 
parts thereof. 

6. The film of Claim 4, wherein said bacteria are 
selected from the group comprising E. coli, tuberculosis 
salmonella, streptococcus, and mutations, strains and degraded 
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thereof . of C.ai. 4, wherein said parasites and .th r 
selected from the group comprxsxng malaria, 
pathogens - -/^^^^^^ ,,,„,„,,3, and toxopXas.osis . 
3Xeep.ng s.c.ness. r^ ^^^^^ ^_ ^^^^^^^ ^^^^ ^^^^^^ p,,,,,,, 

T nrelroVa^^rrr the ana.te i. a .ir.. 
!o The fii™ of Claim 8, where said ligand .s selected 

:::tstet BarrJ.lyte, .eta-adrenergic receptor for 
receptor for Epstexn^ ^hinovirus analyte, polio virus 

.eovirus analyte IC^ 1 „i.accharide analyte for 

receptor ^^^rJ^J^haride for neutrophil analyte. 

:rrrirtr:t" analogues thereof capable of associating 
„ith analyte^ ^^^^^^^ ^^^^ ,,,,,0 

and It! derivatives and analogs which bind to corona 
tnfluenta virus, encephalomyelitis virus, chlamydia, 
virus, J! ;.^3, newcastle disease pathogen, 

' ro:.^^::":n=-:r-myocarditis virus, meningitis virus, or 

"^'^^i: ^Thl'film of Claim 8, wherein the ligand and analyte 
. titrasaccharides and neutrophiles , cell adhesion 

3 rri- anrt"rgeTcells, trisaccharides and bacterial to.ins , 

- rrii:Tc:"mt rrrthe .gand prov^ed . 

:rr :-dr p-r-; d 

30 Sialic Tcid, and derivatives and analogues thereof capable of 
associating^with^HXV^ Claim X, wherein said polymer comprises 

°^ -r^r^\i?of"~. «-ein said monomer is 
1 from the group comprising acetylenes, diacetylenes , 

" Tik:::: ZoZr^l. i^iaes, acrylamides, methacrylates. 
tinyleti^er. malic anhydride, urethanes, allylamines, siloxanes, 
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anilines, pyrroles and vinylpyridinium . 

16. The film of Claim 15, wherein said polymer backbone 
iS comprised of diacetylene monomers. 

17. The film of Claim i, wherein said orienting head 
groups are hydrophilic, with the capacity to mutually form a 
hydrogen bond. 

18. The film of Claim 17, wherein said orienting head 
groups are selected from the group consisting of -CH OH 
CH,OCONHPh, -CH.OCONHEt, -CH.CH (Et ) OCONHPh, - (CH,) OH ' 
CHjOCOPh, -CH^OCONHMe, -CH^OTs, -CH(OH)Me; ' ' ' 

-CH,OCOR„ wherein R, is n-C,H,,, n~C,H,„ n-C,H,„ n-C,,H,3, n- 
C13H2,, n-CisHji, n-Ci^Has, Ph, PhO, or o-(H02C)C6H; 

-OSO2R2, wherein R, is Ph, p-MeC^H,, p-FC,H, P-ClC H 
BrC,H,, p-MeOC,H,, m-CF3CeH,, 2-C,„H„ or Me; ' ' ' 

-CO2M, wherein M is K,HNA, or Ba/2; or 

-CH.OCONHR, or -CH.CONHR, where R, is Et, n-Bu, n-C,H,3 
n-C^H,,, n-C,,H,„ cyclo-CeH,,, Ph, p-MeCeH,, m-MeC,H,,' o-C1c'h 
m-ClC,H,, P-C1C,H,, o-MeOC,H,, 3-Thienyl, Me, Et, Ph l-C H Et ' 
Ph, EtOCOCH,, BUOCOCH,, Me, Et , i-Pr, n-CH,], EtOCOCn/ 
BUOCOCH2, Ph, 2,4(NO2),CeH30CH,, CH^CH.OH. 

19. The film of Claim 17, wherein said orienting head 
group is a carboxylic acid. 

20. The film of Claim 1, wherein the orienting group of 
the monomers is selected from the group CH3-' CH3O- neo-CH O 
cyclo-C,H,,0-, PhCH,0-, p-AcC,H,0-, p-BzC,H,0- , pBrC.H.COCH.O p- 
(PhCH=CHCO>C,H,0-, p-(PhCOCH=CH)C,H,0-, o-BZC,H,NH- , p-BZQH,NH- 
MeOCH,CH,NH-, n-C,H,3NH-, or EtO- . 21. The film of Claim 20 ' 
wherein the terminal is a methyl group. 

22. The film of Claim 1, wherein the film is additionally 
provided with a support. 

23. The film of Claim 22, wherein the support is selected 
from the group comprising plastic, mica, metal, ceramic glass 
and other polymeric surfaces and hydrophobic derivatives 
thereof . 

24. The film of Claim 23, wherein the support is a 
hydrophobized glass slide. 

25. A test kit comprising a container incorporating the 
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'est ,.it C£ Clai. 25. .^.r.,n a solid structure 
provided with orifices is fitted on the surface of the film to 
provide well structures which are analyte fluid impermeable, 
. 27 The test kit of Claim 25, wherein said kit container 

also incorporates instructions as to implementation of the test 
procedure.^ analytical device incorporating the film of Claim 

10 29 The analytical device of Claim 28, wherein said 

device is provided with an automated chromatographic read-out 
component. 

3 0 The analytical device of Claim 29, wherexn said 
device is provided with an automated sample handling component 
to allow continuous readings on a flow stream or a series of 

^^""^^31'. A method of making the polymerized bi-layer assay 
film of Claim 1, comprising the steps of: 

a) attaching a receptor binding ligand to a first terminal 
end of linear structural unit; ^ . ^v,^ 

b) attaching a monomer to a second termxnal end of the 
linear structural unit to produce a monomer -linear structural 

unit ligand moiety; 

c) attaching an orienting head group to monomers, 
producing an orienting head group-monomer moiety; 

d) mixing said monomer -linear structural unit-lxgand 
nvoiety with a plurality of orienting head group-monomer 
moieties; 

e) spreading the mixture of step d) on a surface; and 

f) polymerizing said spread mixture. 

32 The method of Claim 31, additionally comprising the 
step of transferring the polymerized mixture to a support. 

33. The method of Claim 31, wherein after the step of e) 
said spread mixture is compressed, 
i 34. The method of Claim 31, wherein after the step d) 

said mixture is spread on a water surface. 

35. A method for the direct detection of an analyte. 
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said method comprising steps : 

a) contacting the polymerized bi-layer assay film of 
Claim 1 with a sample which contains an analyte, and 

b) assessing the film for a change in its optical 
5 properties. 

36. The method of Claim 35, wherein the optical property 
observed is a change in color. 

37. The method of Claim 36, wherein the color change is 
from blue to red. 

0 3 8. The method of Claim 37, wherein the color change is 

detectable at the wavelength from 620 nm to 550 nm. 
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